Purpose. To identify and describe homogenous classes of male college students based on their weightrelated behaviors (e.g., eating habits, physical activity, and unhealthy weight control) and to examine differences by sexual orientation.
INTRODUCTION

Background
A recent Institute of Medicine report on lesbian, gay, and bisexual health highlighted several limitations of existing weight-related research for these sexual orientation groups, particularly among men. 1 Existing evidence suggests that gay and bisexual adult men may be at lower risk of obesity and higher risk of disordered eating than heterosexual men. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Other research suggests that there may not be differences in the frequency of fruit and vegetable consumption between gay, bisexual, and heterosexual men, 3, 18 but research on disparities in other aspects of nutrition and eating patterns by sexual orientation is lacking. There is slightly more research on physical activity, and findings are generally mixed, in part because of differences in measurement of physical activity. Some evidence suggests lower levels of physical activity among gay or bisexual men compared with straight men, 3, 19, 20 whereas one other study found more physical activity, particularly strength-ening physical activity, among gay or bisexual men. 18 A substantial proportion of college students are overweight or obese. For example, findings from the [2007] [2008] College Student Health Survey, including self-reported data from more than 16,000 college students at 27 postsecondary campuses in Minnesota, indicated that 45% of college students have a body mass index (BMI) classified as overweight or obese, with particularly high rates among male students (52%). 21 Estimates of overweight and obesity from the College Student Health Survey are similar to national estimates from the Behavioral Risk Factor Surveillance System for young adults ages 18 to 24 years, based on self-reported data (41.7%). 22 Further, our previous work on weightrelated disparities among college males found that compared with heterosexual college men, bisexual men were significantly more likely to have a BMI !35 kg/m 2 , whereas gay men were significantly less likely to have a BMI !25 kg/m 2 . 16 Interestingly, gay college males were at particularly high risk for poor weight-related behaviors, including frequent eating away from home, insufficient physical activity, unhealthy weight control behaviors, and binge eating. Moreover, compared with heterosexual college males, gay, bisexual, and unsure males were less likely to engage in sufficient strenuous physical activity. 16 These findings underscore the importance of sexual orientation disparities during the college years, which is also a time when engagement in healthful weight-related behaviors tends to decline [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] and when many people explore aspects related to sexuality. [34] [35] [36] [37] Additionally, nearly half of adults ages 18 to 24 years attend college, representing a critical mass of this age group and accessible population in which to design and deliver weight-related behavioral interventions that address sexual orientation-related health disparities. 38 In exploring sexual orientation disparities for weight-related health, there are some important considerations. First, it is important to examine males and females separately because existing evidence suggests differences in weight-related health across both sexual orientation and gender. For example, although gay men are less likely to be overweight or obese than heterosexual men, gay or lesbian women are more likely to obese than heterosexual women. [2] [3] [4] [5] 39, 40 An area of weight-related health that is of particular concern among gay and bisexual men is related to disordered eating. Although findings for women have been mixed with regard to disordered eating (potentially due in part to differences in sampling), 8, 41 evidence suggests more disordered eating among gay men than heterosexual men. [7] [8] [9] [10] [11] [12] [13] [14] [15] 17, [42] [43] [44] Second, it is also important to examine sexual orientation groups separately, rather than treating these groups as homogenous. For example, although gay men are less likely to be obese compared with heterosexual men, the evidence is not as consistent for bisexual men. Combining gay and bisexual men into a single group could attenuate effects for obesity. Finally, existing evidence has explored disparities across sexual orientation for specific behaviors (e.g., fruit and vegetable consumption and strengthening physical activity). Across gender and sexual orientation, how these behaviors co-occur with each other may differ, given known differences between men and women in weight-related health across sexual orientation. Because multiple weightrelated behaviors contribute to one's overall weight, being able to identify relevant subgroups with similar weightrelated behaviors allows for intervention tailoring.
Purpose
The purpose of this study, therefore, was to identify and describe homogenous classes of male college students based on their weight-related behaviors (e.g., eating habits, physical activity, unhealthy weight control behaviors), and to examine differences across five sexual orientation groups. We hypothesized that there are distinct classes of weight-related behaviors that share common patterns across sexual orientation groups. In addition, we hypothesized that differences in the proportion of individuals in specific classes of weight-related behaviors exist across sexual orientation groups, with greater proportions of gay or bisexual men in unhealthy classes and exhibiting unhealthy patterns compared with heterosexual men.
METHODS
Design and Sample
Data were from the 2009-2013 College Student Health Survey (CSHS), an ongoing statewide surveillance system of 2-and 4-year colleges and universities across Minnesota. Between 2009 and 2013, 46 institutions participated in CSHS (26 were 2-year institutions and 20 were 4-year institutions). For most schools participating in the CSHS, students were randomly selected through a registrar's enrollment list furnished by participating educational institutions. For smaller schools, all students were invited to participate in order to have sufficient sample sizes for reports generated for each school, whereas at larger schools only a proportion of students were invited (total sampling range, 12.5%-100%, dependent on school size). Eligible participants were sent multiple invitations, including postcards and e-mails, to anonymously complete an online survey. Participants who completed the survey were entered into a raffle to win prizes such as iPods, iPads, and gift cards. The overall response rate was 33.2%. Additional details, including surveys and reports, are available online (http://www.bhs.umn.edu/ surveys/index.htm) and in our previously published works. 16, 21 A total of 30 of the 46 colleges participated in the CSHS in more than 1 year between 2009 and 2013. In order to minimize the possibility that participants were included in the data set more than once and to maximize sample size, a college's second year of data was included only when the possibility of overlap in participants was expected to be negligible (i.e., less than 2%, calculated from percent of student body sampled, and graduation and retention rates), as has been done previously. 16, 45, 46 Six schools had a negligible estimated percentage of overlap in the first and second samples (range, 0.45%-1.57%). Thus, an additional year of data was included for these schools (n students ¼ 6912). This yielded a final merged 2009-2013 CSHS data set consisting of 29,118 students (n males ¼ 10,423).
Measures
Sexual orientation was assessed by self-report for both identity and behavior on the CSHS. Consistent with previous research using the Youth Risk Behavior Survey (YRBS) 46 and CSHS 16 data, we created the following categories for sexual orientation: ''heterosexual'' (identified as heterosexual and did not report engaging in any samesex sexual behavior in the past year), ''discordant heterosexual'' (identified as heterosexual and reported engaging in same-sex sexual behavior in the past year), ''gay/lesbian'' (identified as gay or lesbian, regardless of sexual behavior), ''bisexual'' (identified as bisexual, regardless of sexual behavior), and ''unsure'' (identified as unsure about their sexual orientation, regardless of sexual behavior).
Behavioral measures covered four areas of weight-related behaviors: eating habits, physical activity, screen time, and unhealthy weight control behaviors. All variables were dichotomized based on existing public health recommendations, which have practical significance in that they serve as a meaningful threshold for health. Dichotomization also facilitated interpretation of results and accounted for the nonnormality of data. Additionally, these behaviors had a low but statistically significant correlation with BMI in this sample of male college students (R range, À.03 to À.14; p , .001 for all described behaviors except regular soda consumption, which had no significant correlation).
Aspects of eating habits assessed included fruit and vegetable, soda, diet soda, breakfast, fast food, and restaurant food consumption, which have been linked with weight status and other important health outcomes as well as having been highlighted as key health behaviors in leading recommendations for health, such as the Dietary Guidelines for Americans. [47] [48] [49] [50] [51] [52] These items were assessed using standard questions adapted from the YRBS. 53 Frequency response options ranged from, ''I did not eat or drink this,'' to ''4 or more times per day.'' Participants met recommendations if they reported consuming fruits and vegetables !5 times per day. For soda and diet soda, responses were dichotomized for each item as consuming ,1 per day or !1 per day. 21, 54 Participants reported the number of days that they ate breakfast using the question, ''how many days per week did you eat breakfast?'' 55 Breakfast consumption was dichotomized as !5 d/wk or ,5 d/wk. The frequency of eating (1) fast food meals and (2) at non-fast food restaurants was also assessed. Response options ranged from ''never'' to ''several times per day.'' Consistent with previous literature, both fast food and restaurant food consumption were dichotomized as !several times per week vs. ,several times per week. 45, 56, 57 Three types of physical activity were assessed: strenuous, moderate, and strengthening. Examples were provided for each type of activity. Response options ranged from ''None'' to ''6½þ hours.'' Moderate and strenuous physical activities were combined into a single ''moderate-to-vigorous physical activity'' indicator. Meeting recommendations was !5 h/wk of moderate and vigorous physical activity combined or !4.5 h/wk of either moderate or vigorous physical activity (guided by recommendations for weight maintenance, which include !1 hour on most days of the week). 58 Consistent with previous research using CSHS data, strengthening physical activity was categorized as !2.5 h/wk or 2 h/wk. 59 Time spent watching television or using a computer (for things besides school or work) on an average day was used to assess screen time. Response options ranged from, ''None'' to ''5þ hours.'' Categories of !14 h/wk vs. ,14 h/wk were created for screen time, in line with recommendations for young people of ,2 h/d. 60 Using a standard assessment of unhealthy weight control behaviors, participants indicated the frequency of four behaviors in the past 12 months: using laxatives to control weight, taking diet pills, binge eating, and inducing vomiting to control weight. 21, 55, 61, 62 This is similar to items that have been used extensively in other research, most notably the YRBS. 17, 43, 63 Using laxatives, taking diet pills, and inducing vomiting were combined into a single unhealthy weight control behaviors variable (any vs. none), whereas binge eating, which is conceptually different from the other behaviors, was examined separately. 16 
Analysis
Latent class analysis (LCA) is a technique designed to identify a small number of homogenous subgroups within a larger heterogeneous group, based on responses to select indicators. 64, 65 LCA models with classes ranging from one to eight were fit, and the final model was selected using several available tools that aid in model selection including multiple fit criteria, such as information criteria (Akaike information criteria [AIC]; Bayesian information criteria [BIC]; adjusted BIC), and likelihood ratio tests (bootstrap likelihood ratio test [BLRT] ). Solution interpretability, distribution of classes, and classification quality (e.g., entropy and class separation) are also used in model selection. 64, 66 After assessing initial LCA models, fruit and vegetable consumption and sedentary behavior were dropped as indicators because of similarities in responses across classes, thus not helping to differentiate classes. Nine indicators were included in final LCA models: soda, diet soda, fast food, restaurant food, and breakfast consumption; moderate-to-vigorous and strengthening physical activity; unhealthy weight control behaviors; and binge eating.
We fit LCA models to the whole sample of males and identified a bestfitting solution. To test for measurement invariance with regard to sexual orientation, the LCA solution was regressed on sexual orientation. Results were significant (p , .001), indicating differences across sexual orientation in the latent classes and that models should be stratified by sexual orientation. Upon examination of the final latent classes for each sexual orientation group, we determined that a multigroup LCA (allowing us to quantitatively examine differences between sexual orientation groups) would not be an appropriate strategy given the differing number of final classes. The final LCA models were selected based on fit and interpretability, with independent models for each sexual orientation group. Comparisons across sexual orientation groups are qualitative in nature, given the fitting of separate models rather than within a single multigroup model.
For these analyses, we excluded participants with missing data for sexual orientation (n ¼ 17). This yielded a final analytic sample of 10,406 male college students. All data management and analyses were performed using SAS (SAS version 9.1, SAS Institute Inc., Cary, North Carolina). These analyses were considered secondary analysis of anonymous data and therefore deemed exempt from Institutional Review Board review. The University of Minnesota Institutional Review Board approved all CSHS data collection.
RESULTS
Overall, most of our analytic sample was heterosexual (92.8%), 0.7% were discordant heterosexual, 3.2% were gay, 1.5% were bisexual, and 1.7% were unsure of their sexuality. Most of the sample attended a 4-year school (65.0%), most were white (79.8%), and the median age was 22 years.
Prevalence of weight-related behaviors by sexual orientation is presented in Table 1 . Overall, most males, regardless of sexual orientation, reported healthy levels of soda, diet soda, fast food, and restaurant food consumption, but few met recommendations for fruit and vegetable consumption. Across all sexual orientation groups, less than half ate breakfast at least 5 d/ wk and 18% to 31% met recommendations for moderate-to-vigorous physical activity. Heterosexual males had the highest proportion of participants engaging in !2.5 h/wk of strengthening physical activity (35.2%), whereas less than 30% of males in other sexual orientation groups met recommendations. About half of males met recommendations for screen time. Most male students did not engage in unhealthy weight control behaviors or binge eating (85.5%-95.6% reported no unhealthy weight control, 74.8%-88.6% reported no binge eating).
Fit statistics for LCA models for each individual sexual orientation group are presented in Table 2 . In addition to examining fit statistics, we considered the interpretability of solutions in selecting final models. For heterosexual males, fit statistics continued to improve with increasing number of classes. However, the additional gains in information criteria (i.e., AIC, BIC, and adjusted BIC) were much lower after the four-class solution. The fiveclass solution did not yield a new substantive class over the four-class solution, whereas the four-class solution identified a unique subgroup over the three-class solution. Therefore, the four-class solution appeared to be an optimal solution for heterosexual males. For discordant heterosexual males, AIC and adjusted BIC suggested a three-class solution, whereas BIC and BLRT results suggested a one-class solution. The three-class solution identified classes with few members (n , 10). Compared with the one-class solution, there was a unique class identified in the two-class solution and the prevalence was adequate; therefore, a two-class solution was retained. Among gay males, fit statistics suggested varying solutions. We examined the three-, four-, and five-class solutions and found the four-class solution to be the most interpretable. For bisexual males, the AIC, adjusted BIC, and BLRT results suggest a three-class solution. This was also supported by the interpretability of the solution. Finally, for unsure participants, the four-class solution was retained based on interpretability of the solution compared with the three-and five-class solutions.
Item-response probabilities and patterning of classes are presented in the Figure. Item-response probabilities closer to one represent a high probability of engaging in healthy weightrelated behaviors, whereas probabilities closer to zero indicate less favorable engagement in weight-related behaviors. A total of four general classes were identified across the five LCA models, and they can be broadly characterized as ''healthier eating habits,'' ''moderate eating habits,'' ''unhealthy weight control,'' and ''healthier eating habits, more physically active.'' As noted below, however, some deviations exist in these classes across sexual orientation groups, and not all classes were identified in all sexual orientation groups. Class 1 (''healthier eating habits'') was characterized by a high probability of healthful levels of regular soda (,1 per day), diet soda (,1 per day), fast food (,several times per week), and restaurant food (,several times per week) consumption among all sexual orientation groups (heterosexual, .82-.93; discordant heterosexual, .78-.98; gay, .74-.97; bisexual, .84-.98; unsure, .89-.97); a low probability of meeting physical activity recommendations (range across all sexual orientation groups: moderate-to-vigorous physical activity, .11-.30; strengthening physical activity, 0-.20); and high probabilities of engaging in no unhealthy weight control behaviors or binge eating (no unhealthy weight control, .92-1.00; no binge eating, .74-.99). A deviation existed for breakfast consumption among gay males. For the ''healthier eating habits'' class identified among heterosexual, discordant heterosexual, bisexual, and unsure males, probabilities for meeting breakfast consumption ranged from .35 to .56. For gay men, two patterns were identified that were consistent with the ''healthier eating habits'' pattern for all indicators except for breakfast consumption. Class 1a (''healthier eating habits with breakfast consumption'') had a very high probability of meeting breakfast recommendations (.95), whereas class 1b (''healthier eating habits without breakfast consumption'') had a very low probability of meeting breakfast recommendations (.11). Class 2 (''moderate eating habits'') had patterning similar to class 1 on physical activity measures, unhealthy weight control behaviors, and binge eating. However, this class was characterized by lower probabilities of healthful levels of fast food consumption (,1 per day; .32-.55), restaurant food consumption (,1 per day; .67-.83), and eating breakfast (!5 d/wk; .05-.34). Among heterosexual and bisexual males in the ''moderate eating habits'' class, probabilities ranged from .45 to .53 for regular soda consumption. Among unsure males, a class 2a (''moderate eating habits with regular soda consumption'') was identified as a slight variation on the general ''moderate habits'' pattern. The probability of regular soda consumption among unsure males in this class was .04, suggesting very frequent consumption of regular soda among these males. A ''moderate eating habits'' pattern was not identified for discordant heterosexual and gay males.
Class 3 (''unhealthy weight control'') also had patterning similar to class 1; however, similarities were only for eating habits and physical activity. Class 3 was characterized by a lower probability of meeting recommendations for unhealthy weight control behaviors (range for heterosexual, gay, bisexual, and unsure, .05-.54) and binge eating (.02-.45). A class 3 pattern was identified for all sexual orientation groups. However, among discordant heterosexual males the probabilities were slightly higher than for other groups (unhealthy weight control behaviors, .54; binge eating, .45).
Class 4 (''healthier eating habits, more physically active'') was observed for heterosexual, gay, and unsure men. Class 4 had similarly high probabilities for all indicators, except for physical activity, to class 1. Class 4 was distinguishable by having the highest probabilities on meeting recommendations for physical activity compared with other classes (moderate-to-vigorous physical activity, .58-.97; strengthening physical activity, .62-.95). Heterosexual males had slightly lower probabilities than both gay and unsure males (moderate-to-vigorous physical activity, .58; strengthening physical activity, .62).
In addition to examining patterning, it is also important to assess the prevalence of each class ( Table 3) . The prevalence of class 1 (''healthier eating habits''), including class 1a and class 1b, ranged from 37.0% to 69.1%, and class 2 (''moderate eating habits''), including class 2a, ranged from 11.5% to 30.7%. Class 3 (''unhealthy weight control'') generally had lower prevalence, which ranged from 2.3% to 30.9%. Class 4 (''healthier eating habits, physically active'') accounted for more than one third of heterosexual men and about one tenth of gay and unsure men. Overall, there was a significant association (p , .001) between the four classes identified and BMI, with lower BMI levels in the classes with healthier behavior patterns, as expected (mean BMI: class 1, 25.9 kg/m 2 ; class 2, 26.2 kg/ m 2 ; class 3, 27.0 kg/m 2 ; class 4, 25.4 kg/m 2 ).
DISCUSSION
Our results suggest that among male college students four general classes exist across all sexual orientation groups: class 1 (''healthier eating habits''), class 2 (''moderate eating habits''), class 3 (''unhealthy weight control''), and class 4 (''healthier eating habits, more physically active''). Variations on these classes include class 1a (''healthier eating habits with breakfast consumption'') and class 1b (''healthier eating habits without breakfast consumption'') among gay males, as well as class 2a (''moderate eating habits with regular soda consumption'') among unsure males. All sexual orientation groups exhibited an ''unhealthy weight control'' pattern and some variation of a ''healthier eating habits'' pattern.
One major area of concern highlighted by our findings was that between 4 and 15 times the proportion of discordant heterosexual, gay, bisexual, and unsure males exhibited the ''unhealthy weight control'' pattern compared with heterosexual males. These findings were consistent with previous research. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Further, unhealthy weight control co-occurred with low physical activity, suggesting the need for interventions addressing issues around physical activity and unhealthy weight control that are tailored specifically for nonheterosexual and discordant heterosexual college males. There has been a limited amount of work that has explored unhealthy weight control among males [67] [68] [69] [70] [71] ; the focus of such work has been predominantly on females. [72] [73] [74] [75] [76] [77] [78] [79] Our study highlights the need for interventions related to unhealthy weight control among a subset of males who are disproportionately impacted by these behaviors. Interventions could include greater resources on college campuses, such as increased screening and treating of unhealthy weight control behaviors among males at campus clinics.
A second major area of concern highlighted by these findings was that a much larger proportion of heterosexual males exhibited a ''healthier eating habits, more physically active'' pattern than other sexual orientation groups. Most notably, no profile with high physical activity was identified for discordant heterosexual and bisexual men. Although this profile was identified for both gay and unsure men (with higher probabilities for physical activity than heterosexual men: .90-.97 vs. .61-.66), the proportion of gay and unsure men who exhibited this profile was strikingly small compared with heterosexual men (8.1% and 10.2% vs. 37.2%). This finding was consistent with previous research suggesting lower physical activity among gay and bisexual men 3, 19, 20 and highlights the need for a physical activity promotion Sexual orientation disparities in weight-related behavior profiles, specifically with regard to physical activity and unhealthy weight control behaviors, suggest a need for interventions that are designed specifically to address some of the psychosocial factors and unique contexts related to sexual orientation. Consistent with a robust body of work and national and international guidelines on social determinants of health as a strategy for addressing health disparities as well as weight-related behaviors (especially physical activity), a multilevel approach with a focus on social conditions is most likely needed in order to address disparities. 1, [80] [81] [82] [83] For example, research among college students has found that general individual-level barriers to physical activity included negative gym experiences, bad weather, and lack of time, motivation, and social support. 84 To address some of these individual barriers, structural barriers may need to be addressed. For example, facilities such as college recreation centers need to be safe, supportive spaces in order to help address issues related to negative gym experiences that may prohibit physical activity for some students. However, more research is needed in order to determine the most effective interventions on college campuses to address sexual orientation disparities in weightrelated behaviors.
Further, there were unique patterns that emerged in the form of two minor deviations in patterning of class 1, specifically around breakfast consumption. For most of the college male population, breakfast consumption was an area that needs to be addressed in order to improve overall eating habits in this population. Only one pattern, exhibited by nearly 37.0% of gay males (class 1a: ''healthier eating habits with breakfast consumption''), had high probabilities of breakfast consumption compared with other patterns and other sexual orientation groups, thus representing an area in which a subset of gay males are doing very well with regard to guidelines for healthy eating. Overall, breakfast interventions are needed at the college level (i.e., across sexual orientation groups). Breakfast intervention efforts have focused on primary and secondary school children through initiatives such as the School Breakfast Program, 85 and have included measures such as offering breakfast before school, breakfast in the classroom, and Grab n' Go breakfast options. [85] [86] [87] Future work should explore breakfast intervention options for different college settings (such as 2-year vs. 4-year schools) in order to improve dietary habits among all students.
To our knowledge, this is the first study to use LCA to examine disparities in weight-related behaviors across sexual orientation among males. A strength of this study includes the large sample of gay, bisexual, and unsure participants (which allowed separate sexual orientation groups rather than treating all nonheterosexual participants as a homogenous group), who have been shown in previous research to be at increased risk in comparison with their consistently heterosexual peers. 16, 46, 88, 89 The sample size allowed for a more robust and fine-grain examination of sexual orientation disparities. However, for discordant heterosexual males in particular, it may not have been sufficient to identify additional salient classes, such as a ''healthier eating habits, more physically active'' profile. Future studies with large samples for these groups are needed to confirm our findings. Further, future work should explore the intersection of weight status and sexual orientation in the creation of weightrelated profiles. Because of the differing number of classes identified (indicating differences in latent class structure) by sexual orientation group as well as the discrepancies in the breakfast, regular soda, and diet soda indicators among gay and unsure males, we were not able to quantitatively assess differences using significance testing. However, the findings of this study still highlight important differences across sexual orientation that are useful for future intervention development. Further, some questions used in the survey may not have been specific or clear enough to the respondent (e.g., fast food consumption) and could have resulted in some error. Finally, because this was a populationbased sample of college students in Minnesota, the results are not gener- alizable to college students in other geographic areas or to young adults not attending a postsecondary institution.
Overall, these findings highlight unique patterning of weight-related behaviors across sexual orientation groups among college males. Among all college males, interventions are needed to address physical activity and unhealthy weight control behaviors, although a focus is needed for discordant heterosexual, gay, bisexual, and unsure males, for whom these behaviors are more prevalent. Future research should examine patterning using other large data sets across diverse sexual orientation groups. Future intervention work can benefit from these findings by tailoring intervention components and targeting recruitment to specific patterns of weight-related behaviors as well as to specific sexual orientation groups. What is already known on this topic? Existing research suggests that gay men may be more likely to engage in unhealthy weight control behaviors and potentially less likely to engage in physical activity.
What does this article add?
This article examines patterns of weight-related behaviors and differences across sexual orientation. Only among heterosexual males was a subgroup characterized by healthier eating and engagement in physical activity, suggesting the need for physical activity and healthier eating interventions, particularly for discordant heterosexual, gay, bisexual, and unsure college males. What are the implications for health promotion practice or research?
Intervention strategies should incorporate multiple weight-related behaviors in order to more effectively address weight-related health. Further, interventions should be targeted to specific sexual orientation groups in order to address some of the unique disparities experienced by certain groups. Additionally, more research is needed in order to understand the unique contexts of weight-related behavioral disparities across sexual orientation in order to better develop interventions that address these disparities.
